The utilization of amides as nitrogen sources by Aspergillus nidulans has been studied. Formamide is hydrolysed by a specific formamidase enzyme. A second amidase is responsible for the utilization of acetamide, acrylamide, glycolamide and glycineamide. Propionamide, butyramide, valeramide and hexamide are also substrates for this enzyme, but other enzymes may contribute to their use as nitrogen sources. The aromatic amides, benzamide, phenylacetamide and nicotinamide are good nitrogen sources, but are probably not substrates for the acetamidase. Methyl carbamate and malonamide are neither substrates for the acetamidase nor serve as sole sources of nitrogen for A. nidulans. P-Hydroxypropionamide, lactamide and fumaramide are very poor nitrogen sources and are probably not substrates for the acetamidase. N-substituted amides are not nitrogen sources.
RESULTS

Growth of the wild type on amides as sole nitrogen sources
Amides (at concentrations of 10 to 50 mM) were added as sole nitrogen sources to glucose-minimal medium. Growth of Aspergillus nidulans on the amides was compared with the sparse 'nitrogen-free' growth of the organism on media lacking a nitrogen source. Formamide, acetamide, propionamide, butyramide, valeramide, hexamide, glycineamide, glycolamide, benzamide, phenylacetamide and nicotinamide were good nitrogen sources. Nicotinamide was a nitrogen source, but resulted in abnormal, inhibited growth. P-Hydroxypropionamide, lactamide and fumaramide were only very poor nitrogen sources. Acrylamide, malonamide, methyl-carbamate and N-substituted amides (N-methylformamide, N-methylacetamide, N-ethylformamide, N-methylpropionamide, N-ethylacetamide, N,N-dimethylformamide and N,N-dimethylacetamide) were not nitrogen sources for A . nidulans.
Interaction between amides as nitrogen sources. Amides which were not nitrogen sources were tested for inhibition of growth when acetamide or formamide was the sole nitrogen source. Malonamide, methyl-carbamate, N-methylformamide, Nmethylacetamide, N-ethylformamide, N-methylpropionamide and N,N-dimethylacetamide at concentrations of 10 to 50mM did not affect growth on acetamide (concentrations of 10 to 50 mM). Similarly, 10 mM methyl-carbamate, malonamide, N-ethylformamide, N-methylformamide, N-methylacetamide and N,N-dimethylformamide did not affect growth on 10 mM-formamide. Thus the non-utilizable amides did not inhibit either uptake or hydrolysis of acetamide or formamide.
Description of mutants. The isolation of mutants altered in amidase synthesis has
Use of amides by A . nidulans 319 been described elsewhere (Hynes & Pateman, 1970) . The mutants used to investigate the utilization of amides were: (a) f m d S -I , unable to grow on formamide as a nitrogen source and lacking amidase activity with formamide as a substrate; (b) amdS-mutants, unable to grow on acetamide and lacking amidase activity with acetamide as a substrate; (c) a m d R mutants, able to grow on acrylamide and to grow very strongly on acetamide as a nitrogen source. These mutants have high, partly constitutive acetamidase activities. Growth properties of mutants on amides. Table I shows the growth of the wildtype and mutant strains on various amides as nitrogen sources. All strains except those containing the fmdS-I mutation grew well on formamide. The fmdS-I mutant grew as well as the wild type on all other amides except benzamide and phenylacetamide. These results indicated that there was an amidase specific for formamide as a substrate, i.e. a formamidase. The effect of the fmdS-1 mutation on benzamide and phenylacetamide utilization may have been the result of formamide being a product of their breakdown rather than their being substrates for the formamidase.
The amdS-mutation resulted in inability to grow on acetamide, glycolamide and glycineamide, but did not affect growth on formamide. This indicated that there was an amidase, called an acetamidase, which was solely responsible for the utilization of these amides. amdR" mutants have high acetamidase activities and were found to grow better on these three amides than did the wild type.
Propionamide, butyramide, valeramide and hexamide were clearly substrates for the acetamidase, since growth of the amdS-mutants was significantly less on these amides than that of wild type. In addition, the amdRc mutants grew better than wild type on these amides. There appeared to be other pathways for the utilization of these amides because amdS-and amdS-fmdS-strains could grow reasonably well on them, and growth on hexamide was particularly strong. The amdS-and amdR" mutations also appeared to affect growth on phenylacetamide. However, it cannot be excluded that this was caused by production of acetamide from phenylacetamide.
/3-Hydroxypropionamide, lactamide and fumaramide were extremely poor nitrogen sources for all strains and so may not have been substrates for either the formamidase or the acetamidase. Urea, asparagine and glutamine were very good nitrogen sources for AspergiZZus nidulans, and growth on these was not affected in any of the mutants tested, which indicated that the acetarnidase and formamidase enzymes did not contribute significantly to their utilization. The amdS-mutation did not affect growth on nicotinamide and so this amide was probably not a substrate for the acetamidase.
Enzyme assays with diflerent amides as substrates. The amidase assay used can be applied to all potential substrates capable of releasing ammonia. It was therefore possible to compare the hydrolysis of a variety of amides by crude extracts with that of acetamide. t Added at concentration of 10 m to glucose minimal medium.
Methyl carbamate and malonamide gave less than 5 yo of the activity with acetamide in extracts of wild-type and amdRc strains. Therefore these amides were not nitrogen sources probably because they were not substrates for an amidase enzyme. Acrylamide gave 70 to 80% of the activity with acetamide as a substrate in a number of extracts of wild-type and amdRc strains. Since amdRG mutants have increased acetamidase levels, this showed that acrylamide was a good substrate for the acetamidase and that other enzymes did not contribute significantly to its hydrolysis. Acrylamide was not a nitrogen source for wild type AspergiZZus nidulans and, as shown below, this was caused by its lack of inducer activity. Table 2 shows the activities of extracts of wild-type mycelia that has been grown on a number of amides as nitrogen sources with these same amides used as substrates. Growth on all the amides caused increased amidase activities compared with the activity on urea. The propionamidase, butyramidase and hexamidase activities of mycelia grown on urea were higher than the acetamidase activity, while these activities of mycelia grown on formamide and acetamide were slightly lower than the acetamidase activity. In mycelia grown on the other amides, activities were similar to or higher than the corresponding acetamidase activities. Notably there was a considerably higher hexamidase activity in extracts of mycelia grown on hexamide. with altered acetamidase activities. The amdRc mutant, which had higher acetamidase activities than the wild type, also showed higher activities with the other amides as substrates, although they were generally much lower than the corresponding acetamidase activities. These results are in agreement with the finding that amdR" mutants grew better than the wild type on these amides as nitrogen sources, indicating that propionamide, acetamidase. Table 3 .
butyramide, valeramide and hexamide were substrates for the Urea was added at 1-25 mM and amides at 1 0 mM to glucose-minimal medium,
The arndS-mutant had very low acetamidase activities (close to the accurate limit of the assay), but significant activities with the other amides as substrates. Therefore hydrolysis of these amides could be accomplished by an enzyme (or enzymes) other than the acetamidase. This agreed with the growth tests which showed that strains containing amdS-would grow on propionamide, butyramide, valeramide and hexamide as nitrogen sources. There was not good evidence for induction of other amidase enzymes by the amides. In the amdS-strain grown on urea plus amides the activities were similar to that of amdS-grown on urea alone. This point requires further investigation.
Induction of amidase enzymes by arnides. A large number of amides were tested for inducer activity by growing mycelium on urea plus the amide being tested and comparing activities with those of mycelia grown on urea alone. A low concentration of urea (1.25 mM) was used to reduce the effects of repression, which was especially important in the control of the formamidase. Most amides were not very good inducers of amidase enzymes (Table 4) . However, N-methylacetamide was a good inducer of both activities, while @-hydroxypropionamide, which was a very poor nitrogen source and probably not a substrate for the acetamidase, was a very good inducer of the acetamidase but not of the formamidase. Benzamide, which was a very good nitrogen source, induced both enzymes. However, it is not known if this was due to benzamide itself, or to some breakdown product. Another aromatic amide, nicotinamide, was not an inducer. 
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The above results were complicated by repression of the acetamidase by glucose (Hynes, I 970) . Therefore induction experiments were carried out in carbon-free medium. Under these conditions acetamide and P-hydoxypropionamide, but not acrylamide, were found to induce the acetamid.ase. This therefore explained why acrylamide, although a good substrate for the enzyme, was not a nitrogen source for Aspergillus nidulans.
Summary of amide utilization. Table 5 summarizes amide utilization by Aspergillus nidulans. Some of these data are based solely on growth tests, and negative results in particular should be regarded with caution. Uptake of amides may complicate some of the conclusions about the amides which were not nitrogen sources. However, the inducing activity of amides such as methylcarbamate, N-methylacetamide and phydroxypropionamide suggested that these were taken up to some extent. Preliminary experiments on the uptake of [14C]acetamide were carried out with wild-type and amdS-strains. No accumulation of acetamide was found and so A. nidulans may lack an uptake system for acetamide.
D I S C U S S I O N
Aspergillus nidulans has been shown to possess an amidase specific for formamide as a substrate and a second amidase responsible for the utilization of acetamide and a number of other amides. Other enzymes contribute to the utilization of longer chain amides and aromatic amides; possibly hydrolysis of longer chain amides occurs as a side reaction of such enzymes as esterases or proteases. Aromatic amides may be broken down without hydrolysis of the amide group. Some fungi can metabolize aromatic compounds (Cain, Bilton & Darrah, 1968) .
Asparagine and glutamine are not substrates for the formamidase or the acetamidase There may be a specific asparaginase and a specific glutaminase for the utilization of these amides. Aspergillus nidulans possesses a urease enzyme, which is lacking in mutants unable to grow on urea as a nitrogen source. These mutants map at loci distinct from the amdS and fmdS loci (Scazzocchio & Darlington, 1968) .
A large number of amides (including N-substituted amides) are not nitrogen sources for Aspergillus nidulans. N-substituted amides may not be substrates for amidase enzymes, since it is known that A. nidulans can use amines (which would be the products of hydrolysis of N-substituted amides) as nitrogen sources (Arst & Cove, 1969) .
Many amides can act as inducers of the formamidase and acetamidase enzymes. These include both substrate and some non-substrate amides. Induction of the formamidase is not specific, although this enzyme is specific for formamide as a substrate. The inducer specificities of the acetamidase and the formamidase are similar but not exactly the same, e.g. ,8-hydroxypropionamide is a good inducer for the acetamidase, but not for the formamidase. Acrylamide, although a good substrate for the acetamidase, is not an inducer of its synthesis and is consequently not a nitrogen source. This allows the isolation of regulatory mutants producing the acetamidase constitutively (Hynes & Pateman, 1g70a, b) .
The use of amides by Aspergillus nidulans contrasts with that by Pseudomonas aeruginosa where there appears to be only one amidase which is most active with acetamide and propionamide; formamide is a poorer substrate (Kelly & Clarke, 1962) . This enzyme, in addition to having hydrolytic amidase activity, also has acyl group transferase activity with hydroxylamine as an acyl acceptor, and consequent Wright, unpublished) suggests that the A. nidulans acetamidase also has transferase activity. Variations in the acetamidase activity of extracts of wild-type, amdS-and amdRc strains corresponded with parallel variations in transferase activities. There appears to be a single amidase in Mycobacterium smegmatis with activity for formamide and butyramide (Draper, 1967) . In this case the amidase activity can be dissociated from transferase activity. In animal tissues, an amidase has been shown to have greatest activity with amides with 5 to 7 carbon atoms (Bray et al. 1950 ).
